Abstract: Apple stem pitting virus (ASPV) is a causal agent of stem pitting associated disease in pomes fruit trees. The present report focuses on a cytopathological effect of ASPV infection in a herbaceous host Nicotiana occidentalis '37B'. A leaf dip preparation shows predominantly basic virus particles and aggregated particles 800 nm and 3200 nm long respectively. The main cytopathological effect observed in ASPV infected N. occidentalis includes fibrous aggregates of virus particles (massive/or few), formation of membranous vesicles and proliferation of the endoplasmic reticulum.
Introduction
Apple stem pitting virus (ASPV) is a widespread pathogen of pome fruit trees (for review see Kundu & Yoshikawa, 2006) . ASPV causes xylem pits in the stem of Malus pumila cultivar (cv.) Virginia Crab and epinasty and decline of cv. Spy 227 (ornamental Malus sp.). ASPV is also the causal agent of necrotic spot and vein yellow diseases of pear (Pear vein yellow virus -PVYV) (Lemoine, 1979) . A survey of the incidence of ASPV in Czech and Moravian apple orchards showed 28% of the apple trees infected with this virus (Kundu, 2003a) . The incidence of the virus infection is usually symptoms less (Nemeth, 1986 ) and occurs together with other pome fruit viruses in mixed infection (Kundu, 2003b; Leone et al., 1998) .
ASPV is the type member of Foveavirus genus (Martelli & Jelkmann, 1998 ) of a newly established virus family Flexiviridae (Adams et al., 2004) . Virions ASPV are flexuous filaments 800 nm in length and 12-15 nm in diameter. Virus particles usually aggregate end-to-end and give raise to the multiplication of basic unite. Four types of particles with the length of 800, 1600, 2400, and 3200 nm have been observed in ASPV infected cells. The elongated, flexuous rodshaped particles of ASPV were found in mesophyll, epidermal and vascular parenchyma cells of infected plants (Koganezawa & Yanase, 1990) . We found alterations of cellular membrane including proliferation of the endoplasmic reticulum (ER) and formation of vesicles, which have not previously been characterized in ASPV infected cells (Giunchedi & Poggi-Pollini, 1992) . However, these kinds of alterations are common in most plant cells infected by viruses with filamentous particles (Lesemann, 1988) . 
Material and methods

Virus isolate
An ASPV isolate from a field-grown apple tree found in orchards of the Central Bohemia region, Czech Republic (Roubnice nad Labem, RnL), previously detected ASPV by RT-PCR (KUNDU, 2003b) was mechanically transmitted to a herbaceous host Nicotiana occidentalis '37B'. Two weeks after inoculation systemic vein yellowing symptoms (typical for ASPV infection) were observed in N. occientalis '37B' leaves. The leaves with symptoms were used for electron microscopy studies.
Electron microscopy
For leaf dip preparations, ASPV infected leaves of Nicotiana were grinded and negatively stained with 2% sodium phosphotungstate (pH 7.0). For observation of thin sections, the leaf tissues were fixed in 4% glutaraldehyde and post-fixed in 1% OsO4. After dehydration in ethanol-propylene oxide series, tissues were embedded into the multi-component SPURR KIT. Ultrathin sections were stained with uranyl acetate and lead citrate according to the previously described protocol (POLÁK & JOKEŠ, 1986).
Results and discussion
Virus infection in general undergoes cytological changes in a host plant cell resulting in metabolic disturbances. The main effect of virus infection is accumulation of different viral products and alteration of a host cell membrane system, which is associated with virus replication (Lesemann, 1991) . Virus particles are the main genome product of a virus infected cell. The accumulation and distribution of virus particles within a plant cell are different depending on a virus-host combination. Long, flexuous rod-shaped virus particles 800 nm long and its aggregated particles of 3200 nm long (Fig. 1B) were found in negatively stained leaf dip preparations from ASPV infected leaves of N. occidentalis '37B' (Fig. 1A) The ASPV infection obviously undergoes a few cytopathological alterations similar to all filamentous viruses. The elongated, flexuous rods ASPV particles were found in mesophyll, epidermal and vascular parenchyma cells (Koganezawa & Yanase, 1990; Giunchedi & Poggi-Pollini, 1992) . The virus particles are present in a cell either in random distribution or aggregated into compact masses or crystals (Francki et al., 1985) . The aggregations of ASPV particles with distinct intensity, massive or tiny forming fibrous virus inclusion were observed in ASPV infected N. occidentalis 37B cells (Figs 2A-C) . The fibrous aggregation of virus particles are common in many virus species, mainly belonging to Potex-and Carlaviruses, where fibrous aggregations often occur together with banded or spindle loops (Lesemann, 1988) . The alterations of cellular membranes including proliferation of the endoplasmic reticulum (Fig. 2 B) and formation of vesicles (Figs 2B-D) were observed in ASPV infected Nicotiana cells, which are common in most virus infections of various taxonomic groups (for review see Francki et al., 1985; Martelli & Russo, 1984) . These virus specific alterations of the cellular membrane system contain dsRNA associated with a viral RNA-replication complex (Lesemann, 1991) . The results suggest that ASPV infection shares common cytopathological properties with filamentous viruses belonging to genus Potex-, Carla-and Potyvirus. In accordance with the cytopathological observations, some of these genera mainly Potex-and Carlavirus are closely related to Foveavirus (ASPV) following their molecular structures (Jelkmann, 1994) .
